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Numerous(84) acoustic detections of singing humpback whales were made during a $péing
March—09 June 1997Fesearch cruise to study sperm whales in the central and eastern North Pacific.
Over 15000 km of track-line was surveyed acoustically using a towed hydrophone array.
Additionally, 83 sonobuoys were deployed throughout the study area. Detection rates were greatest
in late March, near the Hawaiian Islands, and in early April, northeast of the islands. Only one
detection was made after April. Detection rates for sonobuoys were unequal in three equally divided
longitudinal regions of the study area. Two high density clusters of detections occurred
approximately 1200—2000 km northeast of the Hawaiian Islands and were attributed to a large
aggregation of migrating animals. The distribution of these detections corroborates findings of
previous studies. It is possible that these animals were maintaining acoustic contact during
migration. Two unexpected clusters of singing whales were detected approximately 900 to 1000 km
west of central and southern California. The location of these detections may indicate a previously
undocumented migration route between an offshore breeding area, such as the Revillagigedo
Islands, Mexico, and possible feeding areas in the western North Pacific or Bering S4899©
Acoustical Society of AmericBS0001-496€29)03706-4

PACS numbers: 43.80.K&D]

INTRODUCTION they congregate to breed in winter through spriBgwbin,
1966; Nishiwaki, 1966; Winn and Winn, 1978; Darling and
Humpback whalegMegaptera novaeangliageare un-  McSweeney, 1985; Bakest al, 1986. In fact, humpback
doubtedly the most studied of the large whales. In spite ofyhales have the longest mammalian migration ever docu-
this, little is known about their migratory routes, particularly mented(Clapham, 1996; Stonet al, 1990. Long, complex
in the North Pacific. In this study, numerous acoustic detecsongs are sung only by males during breeding seéstnn
tions of singing humpback whales were made, revealing newt al, 1973; Winn and Winn, 1978; Lambertsenal., 1988;
information about the temporal, spatial, and behavioral charpmedranoet al, 1994. The function of singing is not well
acteristics of humpback whale migrations. Data were CO'understooc{Helweg et al, 1992. However, most research-
lected during a cruise conducted by the U.S. Southwest Fishsrg agree that the primary role of song for humpback whales
eries Science Cente(SWFSQ to study sperm whales s similar to that for many birds, an advertisement display to
(Barlow and Taylor, 1997 Fortunately, the timing and geo- attract mates and to displace or deter competitéfsn and
graphic area of the cruise coincided well with the northboundyjinn, 1978: Tyack, 1981; Tyack and Whitehead, 1983;
migration of humpback whales in the central and easterirgnkelet al, 1995. Although humpback whale songs are
North Pacific. This study was the first large-scale visual-most often recorded in shallow water, low-latitude, breeding
acoustic survey of cetaceans in the eastern North Pacific aflﬁeas, they also have been recorded at high latitude feeding
cpvered the greatest area ever surveyed using these tefé]’eas(Matilla et al, 1987; McSweenegt al, 1989, in deep
niques. water (Tyack and Whitehead, 1983; Clapham and Mattila,
Humpback whales migrate annually from temperate anciggo; Frankelet al, 1995, and along migration routes

subpolar waters, where they feed in summer and fall, tqkipplewhite et al, 1966; Payne and McVay, 1971; Dawbin
tropical islands, coastal waters, and underwater banks, whetg,q Gill, 199).

The acoustic characteristics of humpback whale songs
Aportions of this work were reported at the 134th meeting of the Acoustical€.g., high-intensity, repetitive signals with low-frequency
Society of America, 1-5 December 1997, San Diego, Califofdia energy make them detectable at distances of 9—32 km or

Acoust. Soc. Am102 3121(1997)]. ; : .
Ypresent address: Science Applications International Corpor&SaiC), more using hydrophone8Vinn et al, 1975; Levenson and

Martime Services, 3990 Old Town Ave., Suite 105A, San Diego, CA Leapley, 1978; Winn and Winn, 1978; Franlleilal., 1995. .
92110. Electronic mail: Thomas.f.Norris@cpmx.saic.com In deep wate(>>200 m), favorable propagation characteris-
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FIG. 1. Towed array acoustic system. The line with
black circles(hydrophoneksrepresents the towed array.
The A/D converter and digital transmission system
were encased in a pressure housing inside the towed-
body. The black line(600 m) represents an oceano-
graphic cable used to telemeter digital acoustic data to
the ship.

120 Kg

tics and low ambient noise further increase the detectiostraints of the vessel's rangwithin the study area so that
range of songs. Also, individual humpback whales often singequal coverage occurred in fo(M, S, E, W equally divided
continuously for long period@ip to 24 h; Winnet al,, 1975 gquadrants.
surfacing to breathe on average only every 14 min(@a, Line transect sampling technique®uckland et al,
1988. Under these conditions, acoustic detections of singind 993 were used to visually survey all species of cetaceans
animals are much more probable than visual detections. encountered. NOAA/SWFSC marine mammal survey proto-
Singing humpback whales have been acoustically sureol (Barlow, 1995 was followed (with the exception that
veyed and tracked ifor neaj shallow water breeding areas survey speed was reduced slightly to 7—8 kts to accommo-
using bottom-mounted hydrophone arrays, sonobuoys, anghte a towed array
vessel deployed hydrophoné#/inn et al, 1975; Levenson A towed hydrophone array system was incorporated into
and Leapley, 1978; Thompson and Friedl, 1982; Frankethe survey to enhance detections of sperm whales. Sperm
etal, 1995. Surveys of singing whales along potential whales dive for long durations, making it difficult to detect
humpback whale migratory routes were conducted bythem visually(Barlow, 1994, 1995 However, they consis-
Clapham and Mattil#1990 in coastal and pelagic waters of tently produce bioacoustic signals, and thus can be detected
the western North Atlantic, and by Dawbin and G991 effectively using passive acoustics. During daylight hours,
along coastal waters off western Australia. In both of thesgisyal and acoustic surveys were conducted concurrently, but
studies, singing whales were detected using a single omnjngependently, to prevent acoustic and visual “observers”
directional hydrophone deployed from a sailboat at “record-fom cueing each other, and also to give both observer plat-
ing st_ations.” Although _their results were limited in geo- forms the same opportunity to detect animals.
graphic scope(e.g,, Winn etal, 1975; Levenson and The towed hydrophone array system was designed pri-
Leapley, 1978 or were constrained by the sampling designp4rily for detecting and determining bearings to sperm
(e.g., nonrandom/systematic surveys; Clapham and Mattilgy5je «clicks.” System frequency response was flat from
1990; Dawbin and Gill, 199] these researchers demon- ;oo imately 10 to 16 000 Hz. Therefore, the system was
straFed that acoustic surveys of migrating humpbacks are ef:'apable of adequately receiving humpback whale songs
fective. which typically contain energy from 60 to 8000 Hz with

More recently, Abilearet al. (1999 u_sed beamformed dominant frequencies below 500 Kizevenson, 1969, 1972;
data from the U.S. Navy’'s Sound Surveillance Syst&®- Norris, 1995

SUS of hydrophone arrays in the North Pacific to detect The hydrophone arraysolid “stealth” array by ITI,

singing humpback whales during their northbound migrationFort Worth, TX) consisted of five elements, irregularly
across a large area north of Hawaii. They claimed to maka ’ '

100 detecii duri 6 K 'od. but ¢ paced between 1 and 8 m. Two of the five hydrophones
over [aetections during a b-week period, but presentefy o sejected electronically for digital transmission of acous-
geographic locations for only six animals.

tic data to the shigGeo-Acoustics telemetry system, On-
tario, Canadp Signals from these two channels were
sampled at 32 kHz. The digital telemetry system and inter-
I. METHODS face circuitry was housed in a 140-kg towed fighiginally
designed for a towed sonar systethat was maintained at
Visual and acoustic surveys of cetaceans were conapproximately 100-m deptkFig. 1). This system was de-
ducted from 6 March through 10 June 1997 using NOAA'ssigned to be towed at near-normal marine mammal survey
R/V MCARTHUR, a 52-m, oceanographic ship. The area andspeeds, and at a suitable depth and distance from the ship to
months of study were chosen to cover a large region of pominimize ship noise. Gain-enhancing signal procesging.,
tential sperm whale habitat in the eastern North Pacific durbeamforming was not used.
ing their breeding seasoriBarlow and Taylor, 1997 On the ship, both channels were converted back to ana-
Transect lines were placed systematical@ven the con- log signals(effectively low-pass filtering at 16 kHz The

507  J. Acoust. Soc. Am., Vol. 106, No. 1, July 1999 Norris et al.: Detections of singing humpback whales 507



signal from one channel was high-pass filtered at 1 kHz to® DRY END

reduce system, ship, and flow noise. Custom written spectro- ..I e b Dy h
. . . . . . 1-Pass
- Geo-As i
grap.hlc sqftware d|splayed signals in real-time on a video Geoetcoustics | —— &0 e WRALETRACK
monitor [Fig. 2@]. Signals from the other channel were ' > D eoangs
high-pass filtered at a corner frequency of 10 Hz so that mfitered > |2 reenel SONVDAT Recorder | | 1o sperm whale cicks)

low-frequency signals produced by baleen whales could be Fhamels _
detected. Signals from k?oth channels were |qput to a stereo — P~
headset for aural monitoring. Broadband signals were re- WET END

corded continuously using a two-channel, DAT recorder

(Sony DAT Walkman TCD-D8 or TCD-Di7 Tapes which
included signals of interest were saved for post-analysis anc

Digital Telemetry
A/D Interface
(32 kHz srx)

5 irreguiarly spaced hyrodphone clements
¥ L

(analog)

archival purposes. ® DRY END
Four acoustic technicians monitored signals from the p| TEACRDINS DAT |op [ SONY DAT Walkman
. . 8 channels, 20 kHz s.1. X I,
towed array approximately 22 h per day. Detections of 5 Ctannel (8 channcls, 20 Gz or) | | (2 chamnels 48 K or)
] onf)buoy
humpback whale song were noted on a computer file that Reciever ——
. . . anary Signa alysis Software
stored and plotted GPS locations of the ship every 5 min ——®|  (spectrographic display)

(Barlow, 1997. A detection was defined as any signal heard

(or seen that exhibited characteristics unique to humpback @

whale songe.qg., frequency-modulated signals such as cries, T WET END
moans, and whoops that are repeated in a rhythmic pattern i

The following information was recorded(l) presence/ 123m

absence of humpback whale songs in a designated 20-mit

period each hour(2) the estimated number of animals sing-

ing; (3) the time for any additional song detections during

S _mi ind- PR FIG. 2. (a) Towed hydrophone-array system. The digital telemetry system
the remaining 40-min perIOd' and) a SUbleCtlve score of (housed in towed fishwas used to select signals from two hydrophones for

the Sig.nal'to'm)ise ratin—.S scalg _These da_ta Were col- digital transmission to the dry en¢b) Sonobuoy recording system. Up to
lected in order to standardize the signal monitoring and datéive sonobuoys could be recorded simultaneously; however, usually only

recording effort, and to reduce the possibility of “double ©ne or two were deployed at a time.
counting” the same animal®ecause only one detection was

possible for any whale singing during each 1-h pexi®ng || rResuLTS
detections were included in the analysis only if at least one
additional detection(from either the towed array or a Approximately 15400 km of track-line were acousti-

sonobuoy occurred in a 2-h period before or after the initial cally surveyed with the towed array for a total of 1040 hours
detection(4-h period total or if the song detection was veri- of effort (Fig. 3). Detection rates of humpback whale songs
fied by a second bio-acoustician. were greatest during leg |, 08 March—03 Apfi0.184
Sonobuoystype 57A were deployed each ddweather ~ detections/hoyy somewhat lower during leg II, 08 April-07
permitting at a hydrophone depth setting of 122 m.May (0.110, and lowest during leg I, 11 May-09 June
Sonobuoys were used primarily to monitor for low- (0.002. Detection rates for the towed array were unequal
frequency signals produced by baleen whales, includingmong the three legex?=58.64; df=2; p<0.05. Songs
songs of humpback whales. Occasionally, sonobuoy arrayd€re not detected after 23 May.
(usually four to five sonobuoysvere deployed on groups of Humpback whale songs were detected on 3@ of

acoustically active sperm whales. Sonobuoy signals Wer§3) .Of all songbuoys d.(;plgyed Qver/t6)4 day;. SlonZZuoy de-
transmitted to a multi-channel receivéGreeneridge Sci- tection rates(buoys with detections/buoys deployedere

ences and recorded on audio DATSony DAT Walkman g% Fuid B9 | 8% P57 B =8 I TR ere 70
model TCD-D8 or TCD-D7, two channels at 48-kHz sam- y g teg . y

. . i [ wh he three |
pling rate; or a TEAC model RD135, up to eight channels at‘;g()zrlzraltlessi\{%r?:;?glfov(\;aen compared among the three legs
20-kHz sampling rate; Fig.(B)]. Sonobuoys also were de- OveraII,, songé were detected on 34% of 56 of days
ployed when large cetaceans were encountered. SOnobugy\yhich there was acoustic effort with the towed array, and
signals were recorded for at least 40 min or until the signal, 28% (18 of 64 of days with at least one sonobuoy de-
quality was considered unacceptable. Sitapproximately 1 pjoyment. Combined, the sonobuoys and towed array re-
min.) signal segments were acquired in real-time every fewsyited in detections of singing humpback whales on 3886
minutes and spectrographs were produgeesihg Canary bio-  of 70) of days with acoustic effort. In comparison, only four
acoustical signal processing softwafer visual inspection.  visual sightings of humpback whales were made during 77
If humpback whale songs were not detected during shipdays(690 hour of effort (Table ).

board monitoring, DAT recordings were reviewed later by Detection rates of sonobuoys were unequal when com-
examining spectrograms made from 3-min segments of siggared among three equally divided longitudinal sectors of the
nals extracted from every 5—10 min of tape. study aregX?=24.13;df=2; p<0.05; Table I). The high-
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TABLE I. Summary of effort and number of humpback whale song detections per leg. Towed array detections of songs are indicated as the number of effort
days and hours with at least one detection. Sonobuoy detections are indicated by the number of sonobuoys in which at least one detection of song was made.
Visual detections were widely separated in space and/or time.

Effort Detections
Towed array Visual Towed array Towed array

Leg no. Days km Sonobuoys km days with hours with

(dates at sea (h) deployed (h) detection detection Sonobuoys Visual
Leg | 24 2581 26 3070 5 32 11 1
08 March—03 April 179 (207
Leg Il 30 6865 28 3531 11 51 10 2
07 April-07 May (463 (239
Leg I 28 5998 29 3627 1 1 0 M
11 May-09 June (404 (244
Total 82 15565 83 10228 17 84 21 4

(1041 (689

aMother with calf.

est densities of detections occurred in the vicinity of the Ha{Nishiwaki, 1966; Dawbin, 1966, 1997; Smultea, 1994; Gab-
waiian Islands, especially during the first NE transect of legrielle, 1992; Brownet al, 1995. Reproductively mature

Il (Fig. 1). Additionally, there were two distinct clusters of males(e.g., singersand females depart after newly pregnant
detections located 900—1000 km off the coast of southerand nonreproducing females, but before females with new-
and central California at approximately 30° N 130° W andborn calves. As long as these age- and sex-class-related dif-
36°N 134° W, respectivelyFig. 2). These two clusters of ferences are accounted for, acoustic surveys can be used for
detections were separatédue to the timing of the survey examining the migratory behavior of reproductively active

legs by 48 days. males, and even the timing of migration for non-singing
whales.
IIl. DISCUSSION The densities of song detections were unequally distrib-

uted with respect to three equal longitudinal secidrable
II). As expected, the greatest densities of singers occurred
Greater song detection rates occurred during late Marchear the main Hawaiian Island§ig. 3). Song detections
and early April compared to mid April through early June. were scattered broadly to the northeast and northwest of
Although these temporal trends may have been partially bi©Oahu, areas where survey effort was concentrated. High den-
ased due to the high densities of singing animals encounteregities of singing animals were detected during leg Il at the
near the Hawaiian Islands during the end of leg | and thenortheast end of the first transdotiginating in Oahu head-
beginning of leg I, these results are supported by findingsng NE). Presumably, these animals were migrating to Alas-
from other studies on relative abundances and the timing dfan feeding areagCalambokidiset al., 1997; Bakeret al,,
the northbound migration of humpback whales in the Hawai-1986. During late March and early April 1995, Matt al.
ian Islands(Baker and Herman, 1981; Smultea, 1994; Mate(1998 tracked the initial northbound migration of four
et al, 1998. Only one song detection was made after 30humpback whalega female with calf, an adult, and a pos-
April (approximately 1400 km north of the Hawaiian Islandssible juvenilg tagged with satellite transmitters in waters off
on 23 May, leg lll; Fig. 2. Late April generally denotes the Kauai. The adult and the smaller aninfalvenile) traveled
end of the humpback whale winter/breeding season in thever 1600 and 1800 km, respectively, on a heading of ap-
North Pacific, as most humpback whales have departed nortiroximately magnetic nortfiL0° true before the signal was
to feeding areagHermanet al, 1980; Baker and Herman, lost. At the same time, Abilealet al. (1996 used cross-
1981). The low detection rate for leg Ill may have been duefixing techniques with SOSUS hydrophone arrays to deter-
to a decrease in singing behavior, a reduction in the numbemnine the locations of singing humpback whales in the same
of animals present, or most likely, a combination of these. region. They determined four locations between approxi-
Relative abundances of humpback whales at, or neamately 30 N and 40 N which they used to “loosely define a
breeding areas and along migration routes have been shovmigration corridor’ bounded by longitudes 150 W and 160
to be temporally staggered with respect to age/sex class&¥.” Although the distribution of detections from leg Il of

A. Temporal and spatial distribution

TABLE Il. Sonobuoy detections by longitudinal sectors with expected distribution if randomly distributed.

Longitudinal sector

164W-150W 149W-135W 134W-120W Total

No. of sonobuouys deployed 61 73 81 215
No. of sonobuoys with detections 16 1 4 21
No. of detections expected if random 5.96 7.13 7.91 21
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FIG. 3. Locations of acoustic and visual detections of humpback whales. Acoustic detections are not necessarily representative of individigabaromals
individual may be represented by more than ofle Towed array effort depicted by thick track lines.

our study corroborates these findin§#g. 1), there also were not associated with islands, seamounts, or any other obvious
numerous detections made during the end of IéYNE of  seabed features that might indicate a previously unknown

Oahy that were outside of boundaries of their “migration breeding area for humpback whales in North Pacific. To our

corridor.” However, most of these detections occurred earknowledge, there is no other documented information about
lier in the season and, generally, were within 200 km of thesightings or acoustic detections of humpbacks whales from

Hawaiian Islands. this offshore region.

The large group of acoustic detections that occurred to  Humpback whales have been detected off the California
the northeast of Oah(approximately 33°-38° N; Fig.)An  coast during winter and spring from aerial surveypohl
mid-April can be attributed to a disperse group of singinget al, 1983; Forneyet al, 1995 and from photographic
animals migrating within general proximityens of mile3of  identification studiegCalambokidiset al., 1996. Based on
each other. Assuming that these animals were traveling aerial surveys off California, Forney and Barl¢®998 de-
similar rates and headings, this “pulse” of detections couldtermined that winter/spring sightings of humpback whales
have been the result of a concentration of animals that dewere distributed significantly further offshore than summer/
parted the Hawaiian Islands within a short periedy., a few fall sightings. They suggested the possibility that offshore
days. Payne and Webll971) proposed that baleen whales winter/spring animals “are traveling through the offshore re-
may maintain acoustic contact over large aréag., ocean gion en route to other feeding areas to the north.” Unfortu-
basing forming what they termed a “range herd.” It is pos- nately, in all of these studies, surveys were limited to waters
sible that singing may be used by a group of humpbacks tavithin 100 nautical miles(180 km of the coast(Forney
maintain contact during migrations. Alternatively, it also is et al, 1995, or within the continental shelf breatDohl
possible that these high-density regions of singing whales aret al., 1983; Calambokidiet al, 1996.
an indication that courtship activity continues during migra- Calambokidiset al. (1996 collected photographic iden-
tion. To examine these possibilities will require information tifications of humpback whalg®97 individual$ from near-
about the behavior of both singing males and nonsinginghore water§<65 km) off California, Washington, and Or-
females during migration. egon, from April through December. These were compared

Perhaps of greater interest were two clusters of detedo an extensive photographic catalog of whale§00 indi-
tions that occurred approximately 900—1000 km off the coasvidualg from eastern North Pacific feeding areritish
of California (Fig. 3). This band of pelagic detections was Columbia, Canada, SE Alaska, Prince William Sound, Ko-
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FIG. 4. Locations of all humpback whale acoustic detections with great circle routes plotted from the Hawaiian and Revillagigedo Island breeding areas to
possible North Pacific feeding areas. Routes were not plotted from Hawaii to CA/OR/WA af@d@@dafeeding areas because there is limited interchange

of animals between these locatiofizakeret al, 1986; Calambokidigt al, 1997. Great circle routes are not intended to indicate the actual paths taken by
migrating whales, only possible termini.

diak Island and Shumigan Island, AK, and the Bering)Sea 1996, then there may be evidence for segregation of migra-
The paucity of matches between these two data sets led thetion routes for humpback whales from two geographically
to conclude that the waters off CA/WA/OR represented aclose, but separate, breeding areas. This situation would have
distinct feeding area, and that animals bound for Alaskaryreat implications concerning the population structure of
waters (from Mexico must “migrate well offshore(more  North Pacific humpback whales. To examine these possibili-
than 65 km, or pass earlier or later in the season thiweir]  ties will require determining the migration routes taken by
sampling effort.” Only oné match was found when a pho- hympback whales from different breeding aréespecially
tographic identification catalog of humpback whales fromipase from Mexican and Japanese watensd determining

the Revillagigedo Island¢159 individuals was compared jitterences in migratory behaviors related to age class, sex
with those from a largé1000 individual$ catalog of whales class, and reproductive status.

from numerous eastern North Pacific feeding ar€eaam- Possible migratory destinations of singing humpback

bokidis et al, 1993. whales detected in this study were investigated by plotting
great circle routegi.e., the shortest possible route between
B. Implications for migratory routes two points on a globebetween Hawaiian and Revillagigedo

One explanation for the clusters of detections discovereJJSlar_“_JI breeding areas, to potential feedi”g areas in the North
offshore of California is that they represent singing animals-2cific. The great circle rout¢&CR) that originate from the
that were migrating north from wintering/breeding areas offReVvillagigedo Islands and pass through the offshore cluster
Mexico3 Furthermore, the great distance that these detec®f detections, lead to areas in the western North Pacific or
tions occurred from shore could indicate that these animal§ering Sea(e.g., the western Aleutian Islands, Kamchatka
originated from an offshore breeding area such as the ReviPeninsula, or Kuril Islands; Fig.)4Obviously, plotting GCR
lagigedo Island<Fig. 4). If these offshore detections were is an oversimplified prediction of possible endpoints of mi-
indeed from migrating animals that originated from the Re-grations, and, as such, they are not meant to indicate the
villagigedo Islands, whereas individuals from the Mexicanactual routes taken by migrating whales.
mainland breeding areas are following a more coastal migra- There has been limited photographic identification effort
tion route (as appears to be the case; Calambokétial, in the western North Pacific and Bering Sea. However, the

511  J. Acoust. Soc. Am., Vol. 106, No. 1, July 1999 Norris et al.: Detections of singing humpback whales 511



paucity of matches for whales between the Revillagigedavhales. Unfortunately, in one cage.g., the first transect of
Islands and several well-documented feeding areas in thieeg Il), the survey vessel was traveling in the same direction
eastern North Pacific has led some investigators to suggeat migrating whalegFig. 2). A more effective sampling de-
that humpback whales from the Revillagigedo Islands breedsign for humpback whales would consist of systematic
ing area could be migrating to feeding areas in the westerfransects that are arranged perpendic(day., east—weksto
North Pacific or Bering SeéCalambokidiset al, 1997. the predominant direction of travéé.g., south—northfor
Although it cannot be ruled out, it is unlikely that the migrating whales. Another potential bias of this study was
offshore cluster of detections were “Hawaiian” animals mi- the poor towed array Coveraqdue to equipment malfunc-
grating to coastal feeding areas off California, Oregon, andions and weather constraiitsf coastal regions off the west-
Washington. All of these areas have been sampled thokrn continental U.S. and NW of the Hawaiian Islarn@g.
oughly from photographic identification studies and results3) Thjs precluded an assessment of the coastal distribution
indicate limited interchange of anima(Perry et al, 1988; ¢ singing/migrating humpback whales and potentially bi-

Calambokidis et aI.,_ 1997. T_here were no detections of 55aq the trends observed near the Hawaiian islaitough
humpback whales in the region between the offshore clustegonobuoy coverage was adequate there

of detections and the U.S. code., the end of leg Il and the To effectively use acoustic surveys to determine abso-
bggmnmg of leg ”?’ a region that had_ e.xcelle'nt acoustic and, ;ie ahyndances of animals, it will be necessary to determine
visual coverag_e(Flg. 2. There_fore, It 1S ur_1I|ker that the the proportion of time animals spend singif@ producing
offshqre detections were of amm_als migrating from Mex_lcan0 her sounds In humpback whales, song bout length in-
breeding areas to feeding areas in SE Alaska or the mamlanC eases throughout the breeding sea@yack, 1981, and it
U.S. coasts. is likely that bioacoustical signals produced by other mys-

If, in fact, whales from the Revillagigedo Islands are ticetes vary temporally as well. To asses this potential bias,

migrating to feeding areas in the western Pacific or Berinqq e . .
e . umerous individuals must be acoustically monitored for ex-
Sea, the resulting implications are considerable. For ex-

ample, humpback whales migrating between from the Hage”ndted i.enodﬁ:.g.,.hours.to flaysh'll;hls'wnlltrequwe IV'SU' .
waiian Islands and SE Alask@nd adjacent feeding areas; a y rat; 'T‘g or agglnt? ﬁnlma st e S|m|u aneous ydmonl-
Bakeret al, 1986 and those animals migrating between the'0ring their acoustic behavior. Fortunately, recent advances

Revillagigedo Islands and western North Pacific feeding ar1n tagging and tracking techniques will probably allow these
eas would cross paths in a broad region several hundre

dpta to be collected in the near futufielagg et al, 1997;

miles northeast of the Hawaiian Islantpproximately 45°  Fletcheret al, 1996; Frankel, 1995Until then, acoustic sur-
N, 145° W: Fig 3. If this scenario is correct, it could explain VeYS will be I|m|t_ed to de_scrlbmgglatlve_d|str|but|on and
when and where acoustic contact between singing whales fPundances of bioacoustically active animals.
occurring, and how animals in acoustically isolated breeding ~ Another problem associated with acoustic survey tech-
regions(Mexico and Hawalji are maintaining a similar, yet niques is the difficulty in reliably determining an estimate of
changing, version of sonfWwinn et al, 1981; Payne and the absolute number of animals detected based on acoustic
Guinee, 1983; Helweegt al, 1992, 1998; Cerchiet al. (in ~ “contacts” (Hiby and Hammond, 1989; Thomast al,
pres3]. The evolutionary implications of segregated but1986; Leapeet al, 1992. In this study, the total number of
crossing migration routes for these putative stocks of whalegourly periods with song detections is most likely an over-
are quite significant, however further examination of theseestimate of the actual numbers of singing animals encoun-
must await substantiation of actual migration routes and aitered because, on average, each individual was probably de-
assessment the degree of reproductive isolation for animatected more than ondge., in more than one hourly peripd
from different breeding areas. Conversely, the number of days with acoustic detections is a

Recent information from photographic identification great underestimate of the actual number of animals encoun-
studies indicates that some humpback whales migrate beered, because acoustic detections often occurred in clusters,
tween feeding and breeding areas that are on opp@gite  resulting in no more than one detection counted for any
diagonally opposedends of their respective ocean basinsgroup of animals(Fig. 2. Because the acoustic system in
(e.g., Japan to British Columbia, Canada, for North Pacifiahis study was not designed to localize individual whales, a
humpback whales; Darlingt al, 1996; and Norway to the statistically based estimatée.g., using distance sampling
West Indies for North Atlantic humpback whales; Stevick methods of the abundance of singing whales could not be
et al, 1998. Some researchers have even speculated thafade.
humpback whales could be taking advantage of “tail-  propably the most important recommendation for future
currents” in the North Pacifi¢Baker and Herman, 1981  acoustic surveys is to incorporate sound source localization
others, however, have discounted this possibility for humpyechniques so that the absolute number of animals encoun-
back whale migrations occurring in the northél;ﬂateet al,  tered can be estimated more accurately. Localization with
1998 and southern hemispheré3awbin, 1966. towed arrays is possible using signal arrival delé&arlow,
1997, beamforming(Lashkari and Lowder, 1997and hy-
perbolic fixing(Clark and Fristrups, 1997or (using a more

In this study, systematic transects were used to survey simplistic approachwith directional hydrophoneglLeaper
large study area. By coincidence, several transects were ot al, 1992; Winnet al, 1975. Given their field-proven ef-
ented parallel to the direction of migrating humpbackfectiveness, acoustic detection systems should be included as

C. Biases, recommendations, and conclusions
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an important component in future studies of the distributionBrown, M. R., Corkeron, P. J., Hale, P. T., Schultz, K. W., and Bryden, M.
relative abundance, and behavior of bio-acoustically active M. (1995. “Evidence for a sex-segregated migration in the humpback
cetaceans. \évggl_ezg\:egaptera novaeangligé Proc. R. Soc. London, Ser. B59

Results from this study provided new information on g cjand. S. T., Anderson, D. R., Burnham, K. P., and Laake, 1993
migratory routes of humpback whales across a large regionbistance Sampling: Estimating Abundance of Biological Populations
of the eastern North Pacific. Future studies should examine(Chapman and Hall, London

: : : : alambokidis, J., Steiger, G. H., Evenson, J. R., and Flynn, K1896.
migratory routes of animals from isolated breedlng areas, thg“Interchange of humpback whales off California and other North Pacific

extent that singing occurs during migration, and differences feeding grounds,” Mar. Mamm. ScL2(2), 215—226.

in migratory behaviors related to differences in age, sex, an@alambokidis, J., Steiger, G. H., Straley, J. M., Quinn II, T. J., Herman, L.

reproductive classes. M., Cerchio, S., Salden, D. R., Yamaguchi, M., Sato, F., Urban, R., Ja-
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